Abstract. In orthopaedic surgery internal fixation of bone fractures using immobilization screws and plate is common procedure. This surgical procedure involved drilling into bone and fixative components interaction. Many problems are encountered with the bone drilling process such as holes accuracy, drill wander and excessive heat generation which were directly related with the drilling parameter. This paper investigates the effect of drilling parameter namely spindle speed and feed rate on the cutting force and surface roughness performance. Design of Experiment (DOE) historical data of Response Surface Method (RSM) were adopted to evaluate the correlation between the cutting parameter and the holes performance. From the conducted investigation, the most significant parameter that affect the holes performance was spindle speed followed by the feed rate. In addition, the interaction between feed rate and spindle speed also controlled the holes performances.
Introduction
Bone drilling is one of the major procedures in orthopaedic surgery for fixation. Close tolerances and surface finish of the drilled bone are critical for the osseointegration ability [1] [2] [3] . The surface characteristic affects the bone-screw interface strength as well as the cellular response, which is essential for early and healthy bone growth. Various techniques were employed to enhance bone apposition including bioactive coating and surface texturing of fixative components. Surface rougheness is one of the methods to enhanced bone growth during the healing process with promising result [11] [12] . There has been ongoing research associated with implant surface topography. Proper mating between two joining surfaces are necessitated for a stable bone-implant interface in minimizing the trauma due to the drilling forces [4] . The drilling conditions in bone drilling process are interrelated by rotational speed and the feed rate which affect the drilling forces and holes qualities. Hence, the understanding on the effects of drilling parameter on the hole performances are necessitate.
Response surface methodology (RSM) is widely used in process optimization and modelling [5] . This method was proved effectively and widely used in the process of industrialization. The optimized response is influenced by a few of cutting parameters as input variables. In order to convert the independent variable to see the changes of the output response, a series of tests called run was conducted to see the response based on the selecting factors. In order to study the relationship between bone drilling process parameters and the holes performances, a systematically approach design of experiments (DOE); response surface method (RSM) can be used effectively. Kasim et al. [6] demonstrated RSM able to predict surface roughness value with less error. This paper aim to investigate the effects of drilling parameter on holes performance namely surface roughness and drilling force for bone drilling using RSM technique. 
Experimental
Experimental Setup. Set of experiments were conducted to investigate the effect of high speed drilling on cutting force and surface roughness. Each test was performed using a HAAS VF-1 CNC Vertical Machine. A Kistler type 9275BA dynamometer was mounted under the work piece fixture to record the thrust force during the process (see Fig. 1, Fig. 2 ). Before conducting experiments CNC machine will run without load at least 30 minutes. At the same time clamping will be checked to ensure that work is neatly sandwiched in the clamped area. This is to prevent that from happening any collision during the machining process. A machining blank expression process will be done on offset at z axis during the motion and will be ensured fast controlled independent work of earlier machines such as depth and roughness effects on the process of running is free. One of the size using the current size parameter is done by using the tool is not counted in the calculation of wear and then found that the actual machining and processing performed each time a change cutting parameters.
Dynamometer are used to measure both the torque and the thrust force [7, 14] . During the operation take place the sample of bovine bone is clamped on the worktable of a sensitive drilling dynamometer that are this machine are able to taking 25 mm height and length up to 300 mm. The surface roughness of drilled holes was measured by Mitutoyo Roughness Tester.
Material Specimen. Bovine cortical femur bone is chosen as the work material due to its closeness properties and characteristics with human bone [4] . Table 1 shows the mechanical properties of bovine femur. The mid-diaphysis columns were obtained with the average length of 75 mm for the experiments. The average thickness of the cortical wall was 6-8 mm. Periosteum were removed from the drilling surface prior to the experiment to avoid the chips clogging. The specimens were cut precisely by the milling machine with approximately 15 mm in width as shown in Fig. 3 . All experiments were conducted in a room temperature without using any coolant and lubricant. In this experiment, two flutes with 4.3 mm diameter medical surgical drill-bit (AISI 420B stainless steel) was used to drill the bovine cortical femur bone. Fig. 4 and Table 2 depicted details specification of the drill bit. The medical surgical drill-bit were employed because of its accurate drilling and deliver consistent rotational movement during the process. In addition, stainless steel drill bit exhibits good corrosion resistance. Besides that, by using stainless steel drill bit, it can minimize the tool wear effect. Totals of 80 holes were drilled with 10 holes replication for each run. To elliminate the apparatus wear impact on the result, the boring apparatus were cleaned with a brush and wet tissue before each drilling process. Experimental Matrix. Two factors were selected for this experiment. There are spindle speed and feed rate with two levels as shown in Table 3 . Then, the process control parameters and their limit was substitute into Design Expert version 6.0 software. By applying RSM, the planning matrix will contain the value exceeds the (-1) or (+1) range to allow estimation of curvature. The lower limit for low (-1) was added for spindle speed (550 rpm) and feed rate (20 mm/min). While the upper limit for (+1) was added for spindle speed (1550 rpm) and feed rate (95 mm/min). By increasing drill rotational speed (especially at higher speeds range,), drilling thrust force decreases considerably [8, 9] . Table 3 Process control parameters and levels
Result and Discussion
From the conducted investigations, it is evident that drilling parameters (spindle speed and feed rate) are important criteria that affect the hole performances namely surface roughness and force magnitude. Experimental result of surface roughness for drilling process is shown in Table 4 . From the result, it the minimum of surface roughness is 0.736 μm and the maximum is 3.43 μm. The result of cutting force is 7.459 N and the maximum is 19.785 N. 
The two factors A and B have large positive effect. Fig. 3 (a) and (b) show the interaction factor plot for spindle speed and feed rate towards surface roughness and cutting forces. Surface roughness increases as a cutting speed increases but poor ra when fz 25 mm/min. The effect of the primary machining parameters on surface roughness was found to be comparable with that reported by [9, 10] . The interaction graph shows that by increasing the speed the cutting force also increases but the cutting forces more sensitive when federate 85 mm/min rather than 25 mm/min. It was indicated by the steep trend of the interaction factor shows the performances of machining parameters of the bone drilling. 
Conclusions
Investigations of high performances surgical drill-bit bone analysis using Response Surface Method (RSM) historical data were studied. Surface roughness and cutting force were measured for each experimental state. The following conclusion can be drawn as follows:
 This study demonstrated the interaction effect of drilling parameters on surface roughness and cutting force of drilling hole of femur bovine bone using RSM. The interaction between the feed rate and the spindle speed significantly affect the surface roughness and the cutting force.
 From the result, the minimum of surface roughness is 0.736μm and the maximum is 3.43μm. The result of cutting force is 7.459N and the maximum is 19.785N. By increasing drill spindle speed (at higher speeds range, especially), drilling cutting force increases considerably.
 By increasing spindle speed, the surface roughness increases gradually up to a specific cutting speed due to the rise in friction between the two surfaces (drill-bit and bone).
 To conclude, the results from the conducted experiments can provide reference for force control and selection of rotational speed and feed rate in bone surgeries.
